Abstract Background: The relationship between Body Mass Index (BMI) and work productivity, including absenteeism and presenteeism remains unclear. The objective of this study was to examine work productivity among adults with varied BMI using population-based data.
Introduction
Obesity is an increasing public health problem that imposes a significant burden to healthcare systems. Overweight and obesity are factors of higher mortality and morbidity [1] , and several of the most common chronic medical conditions in adults, including cardiovascular diseases, type 2 diabetes mellitus and cancer, are associated with obesity [2] . Obesity is independently associated with elevated healthcare costs being responsible for approximately 4% and 6% of the total health expenditures in Canada and the United States, respectively [3, 4] . In addition to the direct economic burden of obesity, costs outside medical expenditures related to decreased work productivity have been previously recognized [5, 6] .
Work productivity losses are mainly measured by absenteeism and presenteeism [7] . Absenteeism is defined as the days of absence from work because of illness. Cross-sectional studies have found an association between absenteeism and obesity [8] [9] [10] [11] . Prospective studies performed in different industrial settings found that obese employees had a higher illness-absence rate and a longer duration of absence [12, 13] . However, a large cohort study found that central abdominal fatness, but not BMI, was a risk factor of sickness absence [14] . Two systematic reviews have documented a positive relationship between obesity and the number of sick leave days. For overweight workers data are not conclusive, but the evidence points to either a increased or a neutral level of absenteeism compared with normal weight [15, 16] . Presenteeism occurs when an employee chooses to be present at work despite feeling ill or when sick leave would be appropriate. This may cause the employee to work at a reduced capacity with subsequent productivity losses [17] . Obese employees report higher presenteeism rates. Moderately and severely obese workers showed limitations with respect to the time needed to complete tasks and the ability to perform physical job demands, whereas mildly obese employees were found to have no or fewer health-related loss in productivity [18] [19] [20] .
Although prospective studies have addressed the question of relationship between BMI and work productivity, the relationship between overweight and work productivity remains unclear. A populationbased study can test whether the association is consistent in a large sample representative of a variety of workplaces and geographic locations, adding external validity to the conclusions about this association. Thus, the primary objective of the present study was to examine the effect of BMI on absenteeism and presenteeism considering adjustment for the possible confounding variables.
Materials and methods

Data source and sample selection
Participants were respondents to the Canadian Community Health Survey (CCHS) 2009-2010. The CCHS is a national survey of people aged 12 and over that is conducted by Statistics Canada on an ongoing basis with data released every year [21] . The CCHS has a cross-sectional design and collects information using a complex stratified multistage cluster sampling method. The CCHS 2009-2010 collected responses from people living in private occupied dwellings in 121 health regions covering all provinces in Canada. The sampling frame excluded individuals living in Indian reserves and Crown lands, institutional residents, full-time members of the Canadian armed forces, and residents of certain remote regions. Data were collected by using in-person and phone interviews. Interviewers underwent extensive training and a system of monitoring and validation ensured quality data. The 2009-2010 CCHS provided a sample of 124,188 individuals with an overall response rate of 72.3%. A detailed description of the survey methodology has been published elsewhere [21] .
In the CCHS 2009-2010, respondents were asked questions related to their working status and the reduction of activities at work due to health problems [22] . From the 2009-2010 CCHS database, an analytical sample was extracted consisting of individuals aged 20-69 years who reported having a job in the week prior to the survey administration and who provided valid responses regarding working status, reduced activity at work, height and weight, physical activity and any chronic conditions. Questions related to age, sex, education, income, physical activity and chronic diseases were considered for possible confounder factors. Invalid responses to all of these questions were excluded from the analysis.
Study variables
Absenteeism and presenteeism were separately examined and considered in different models. The two primary outcome variables of interest were absenteeism and presenteeism, both coded as binary variables (yes/no). Absenteeism was derived from the CCHS question: ''Last week, did you have a job or business from which you were absent?'' with two possible responses -yes or no. Absenteeism was defined as those who answered ''yes'' to this question. The CCHS data did not indicate whether the absence from work was due to illness or other non-health related reasons. Presenteeism was derived from the question: ''Does a long-term physical condition or mental condition or health problem reduce the amount or the kind of activity you can do at work?'' This question was formulated in present time with three possible responses: ''sometimes, often, or never.'' Presenteeism was defined with the answers ''sometimes'' or ''often'' reduced activities at work due to long-term physical or mental conditions.
The [23] . BMI was calculated from selfreported height and weight in the CCHS. Possible confounder variables were selected a priori choosing those possibly associated with obesity and work productivity. Co-variables considered included sex, age (considered categorically as 20-29, 30-39, 40-49, 50-59 and 60-69 years), highest level of education (less than secondary, secondary graduation, some post-secondary and post-secondary graduation), personal income in Canadian dollars, CAD (less than $20,000, $20,000-$39,999, $40,000-$59,999, $60,000 or higher, and not stated), chronic diseases (no chronic disease or at least a chronic condition, including hypertension, diabetes mellitus, heart disease, previous stroke, asthma, chronic obstructive pulmonary disease, arthritis, chronic back pain, diagnosed digestive disorder, migraine, cancer, and mood and anxiety disorder), and physical activity (leisure time physical activity index, a derived variable in the CCHS [21] , considered inactive, moderately active and active as possible categories).
Statistical analysis
Descriptive statistics of the distribution of covariates with respect to the outcomes were summarized. The frequencies of absenteeism and presenteeism by categories of BMI and covariates were calculated. Bi-variable logistic regression was used to examine the relationship between the independent variables with absenteeism and presenteeism. Multivariable logistic regression was used to provide adjusted odds ratios (OR) of the associations with 95% confidence intervals (CI). To account for the different probabilities that individuals were selected in the CCHS sample, all analyses included rescaled weights obtained by dividing the sampling frequency weights included in the 2009-2010 CCHS database by the mean of the weights in the analytical sample [22] . All analyses were performed using SAS statistical software version 9.3 (SAS Institute Inc., NC).
Results
A total of 56,971 respondents met the selection criteria and were included in the final analysis. Fig. 1 shows the sample selection process. Overall, 643 (1.2%) respondents did not provide valid answers to the questions on education, physical activity and chronic conditions and were excluded from the analysis. The distribution of the sample by categories of BMI and health-related factors varied widely ( Table 1 ). The majority of respondents (43.9%) reported a normal BMI with 20.3% of the employed population falling into one of the three categories of obesity. Table 2 shows the frequencies of reported absenteeism and presenteeism by categories of BMI and health-related characteristics. The prevalence of absenteeism was slightly different among BMI groups except for obesity class III that exhibited 11.0% absenteeism as compared with 7.0% of those with a normal BMI. In the underweight category only 4.4% of respondents reported absenteeism. There was a substantial difference in the prevalence of presenteeism between obesity categories compared with normal weight, with 18.1% and 10.1% for obesity class II and normal weight, respectively. There were differences in the distribution of absenteeism and presenteeism among categories of health-related variables. The prevalence of absenteeism differed by gender, with women showing a higher proportion (8.8%) than men (6.1%). Absenteeism prevalence was higher (8.3%) in the physically active group and those who reported some chronic condition (8.0%). With respect to presenteeism, there was a higher prevalence in women (13.8%) compared with men (11.4%). The groups with less education and income reported higher proportions of presenteeism. Presenteeism prevalence was substantially higher in the physically inactive group (14.5%) and participants who reported some chronic condition (21.9%). Table 3 displays the results of bivariable and multivariable analyses. In the unadjusted analysis, the odds of absenteeism were higher among respondents in the obesity classes II and III compared with those in the normal weight category (OR = 1.64, 95% CI: 1.43; 1.87, for obesity class III). In the multivariable model adjusted for sex, age, education, income, physical activity and chronic conditions, the odds of absenteeism remained elevated, with the highest odds still observed for obesity class III (OR = 1.60, 95% CI: 1.39; 1.83). Compared with normal weight, overweight and obesity class I categories had slightly higher odds of absenteeism. The odds of absenteeism were reduced in the underweight group. The odds of presenteeism were higher for overweight and all obesity categories in the unadjusted analysis (OR = 2.00, 95% CI: 1.86; 2.15, for obesity class I); however, in the adjusted analysis, overweight and obesity were weakly associated with presenteeism (OR = 1.49, 95% CI: 1.38; 1.61, for obesity class I). In the adjusted analysis, the estimated ORs for obesity classes II and III were 1.26 and 1.36, respectively, whereas the estimated OR for obesity class I was 1.49; however, confidence intervals overlapped.
In terms of the confounders, women had higher odds of absenteeism compared with men. Those between 60 and 69 years of age were more likely to be absent from work. Respondents with the lower level of education were more likely to be absent from work as compared with respondents in other educational categories. Income showed a dose-response relationship with presenteeism, as those with lower income were more likely to report decreased activities at work. The odds of absenteeism were lower in the physically inactive group as compared with the physically active group; however, the odds of presenteeism were slightly higher in the physically inactive group. There was a small difference in the odds of absenteeism between individuals with chronic conditions compared to those with no chronic condition; however, a strong association between chronic disease and presenteeism was observed.
Discussion
This population-based study found a weak but positive association between BMI and work productivity. This study found that the likelihood of absenteeism was higher among respondents with a BMI greater than 40, and the likelihood of presenteeism was mildly increased for all categories of obesity. These findings are in line with past research, as a large observational study and a systematic review have reported obesity as a predictor of absenteeism [15, 24] . Similarly, obesity has been found to be a determinant of presenteeism [20] . Nevertheless, studies examining overweight as a predictor of absenteeism or presenteeism are inconclusive [16, 25] . It was found that, compared with normal weight, overweight but not obese workers were at a slightly higher risk of absenteeism and presenteeism. A direct relationship between BMI and several health conditions such as hypertension and heart disease has been demonstrated, and this can explain the effect of moderate increases of BMI on work productivity. Interestingly, respondents in the underweight group were less likely to report absence from work. This finding could be explained by the fact that most workers in the underweight category in this sample were close to a normal BMI and individuals in the lower range of a normal BMI tend to be healthier.
This study found that absenteeism was slightly higher in women and presenteeism was higher in older participants. A higher level of absenteeism was reported by individuals with less education. In this analysis, individuals in the lower income category reported a higher proportion of presenteeism. People who reported higher levels of physical activity were less likely to report presenteeism. Substantially, higher rates of presenteeism were found for individuals with chronic conditions. These findings are similar to those in previous research. Higher presenteeism rates have been reported in workers with less income [26, 27] . This may be explained by the financial need of workers with lower income and the risk of being present at work even when sick leave may be indicated. As in previous research, the presence of a chronic condition was a strong predictor of presenteeism [28] , although there is limited evidence of a relationship between physical activity and presenteeism [29] .
Both absenteeism and presenteeism have been measured in different ways. Measuring presenteeism has been particularly challenging since many jobs do not have easily measurable outputs [7] . The CCHS questions captured absence from work and reduced activities at work without specifying time or duration. RespondentsÕ self-report of absence from work in the last week and reduced activities at work reported as ''often'' and ''sometimes'' were used for the definition of absenteeism and presenteeism, respectively. Thus the prevalences of absenteeism and presenteeism shown in this study are relative proportions used only to compare categories of BMI. Significant differences in these frequencies were found. It is noteworthy that there is a difference in the proportion of presenteeism between obesity class II (18.1%) and normal weight (10.1%) which can be explained partially by the effect of other variables such as age and the presence of a chronic condition in obese workers.
One of the strengths of this study is the magnitude of the sample size. The analytical sample was limited to valid responses in the employed participants; non-valid responses accounted for only 1.2% of all eligible respondents, and no differences were found in rates in the exploration of the nonvalid responses. This analysis included different related variables that were allowed within the restrictions of the CCHS design. The report was included of leisure-time physical activity and chronic conditions, which have been independently associated with work productivity and obesity. The cross-sectional nature of this study results in a number of limitations that warrant attention. First, misclassification bias may have occurred for absenteeism. Respondents were considered who self-reported absence from work in the week previous to the survey administration, but the question in the CCHS did not specify whether the absence was due to illness or other non-health related reasons, such as vacations or personal responsibilities. It is possible that subjects with obesity were absent mainly due to conditions associated with an elevated BMI, whereas the healthy controls were absent mainly due to other reasons. However, while the CCHS did not ask to report sick leave but rather absence in the last week, it has been documented that questionnaires relying on self-reported sick leave information have very low sensitivity [30] . Second, since the CCHS ques- tions only captured absence from work in the previous week, it may not well represent long-term absenteeism. The results of the present study are best seen as a ''snapshot'' of the relationship between BMI with absenteeism and presenteeism.
Longitudinal studies that measure the number of absent days due to illness can better represent absenteeism and presenteeism outcomes. However, since respondents were asked about being absent in the previous week, the precision of the study may increase by minimization of recall bias.
Third, the determination of BMI was also limited in the CCHS. BMI was based on self-reported values of height and weight. Studies have shown that there is usually under-reporting for weight and BMI and over-reporting for height [31] . Reporting bias may be present; however, it is believed that any small difference would be taken into account in the comparison of groups. Fourth, people with increased BMI may prefer job types different from those people with normal weight, and the job type may influence the work productivity level. There- fore, the characteristics of the job are to be regarded as potential confounders. However, the data available in the CCHS did not contain detailed job titles or duties. It is believed that by including education, income and chronic conditions in the model, a significant spurious effect was taken into account, since it is likely that an individual decides on his or her type of job based on education and pre-established health conditions. Due to the number of chronic health conditions included in the CCHS, chronic conditions was considered as a group; this limited the ability to estimate the effect of BMI on work productivity by specific chronic diseases. Although the risk of over-adjustment was taken into consideration when including both chronic diseases and physical activity variables in the models, they may independently affect both BMI and the outcome (absenteeism or presenteeism) and are not necessarily surrogate or intermediate variables. Lastly, this analysis utilized a subsample of the CCHS including only employed participants who answered questions related to absenteeism and presenteeism. While this study is subject to recall bias, the questions of the CCHS were asked in the context of the entire survey which may minimize the respondentÕs social or workplace desirability bias that can be present in questionnaires designed to measure work productivity. In summary, this is an analysis of a large population-based data to specifically examine the association between BMI and work productivity considering both absenteeism and presenteeism, and accounting for appropriate confounders. Despite its limitations, the present study suggests that BMI is associated with both absenteeism and presenteeism. This study adds evidence to the body of knowledge that has shown the adverse effect of overweight and obesity on absenteeism and presenteeism. Substantial differences in work productivity were evidenced with respect to the presence of a chronic disease, and small differences were found with regards to gender, age, education, income, and leisure time physical activity. Further prospective research focusing on validated indicators of work productivity will be necessary. Given the increasing rates of overweight and obesity in the Western world, public health efforts to address its causes as well as consequences in the general population are necessary.
